Methods for preparing bentonite-gamma globulin complexes and for determining their attachment to cells in tissue culture were investigated by use of human immunoglobulin G (IgG) labeled with 125I. For virus-inhibition studies, bentonite-IgG complexes were prepared by use of human IgG with high specific neutralizing activity against coxsackievirus A21. Much of the antibody in the complex remained available for virus neutralization, and the bentonite-IgG was at least 500 to 1,000 times as active as IgG alone in a plaque-reduction test. The complex appeared to function as a "shield" held at the surface of the cell, preventing initiation of infection.
In the animal or human, virus-specific antibody protects against a recurrent infection by neutralizing the infectious particle before it can penetrate susceptible cells of the host. Most cells of the body apparently do not adsorb antibody to their surfaces to any great extent. Consequently, protection by this route relies on a continuous level of gamma globulin circulating in serum and body fluids. Useful protective effects might be obtained by presenting cells with virus-specific antibody which is attached to particles rather than circulating as free protein. It was reasoned that by selecting particles that attach readily to cell surfaces, a coating of antibody might be held at the cell membrane, thereby preventing virus attachment and penetration. Additionally, phagocytosis of the particle-antibody complexes might be a means of introducing antibody into the interior of cells with interesting consequences. In the present experiments, these possibilities are examined by use of a model system employing cells in tissue culture.
MATERIALS AND METHODS
Preparation of bentonite. The method of Block and Bunim (1) was used. Amonts of 1 g of Wyoming bentonite were sterilized by ultraviolet light and homogenized in 200 ml of water by use of a Waring Blendor. The volume was made to 1 liter and, after standing for 1 hr, the suspension was decanted into centrifuge bottles. The bentonite particles sedimenting between 1,300 rev/min (15 min) and 1,600 rev/min (15 min) on an International centrifuge with a no. 284 swingingbucket rotor were collected and resuspended in 100 ml of water. The suspension contained 0.5 to 1 mg (dry weight) of bentonite per ml (stock solution) and was concentrated 10-fold or more before use. Examination of the particles in the electron microscope showed a size range from 1 to 5 ,um.
Preparation of human immunoglobulin G (IgG). Serum was prepared from individuals showing a high neutralization titer for coxsackie virus A21. Gamma globulins were twice precipitated with one-third saturated ammonium sulfate, dissolved in saline, and dialyzed against 0.015 M phosphate buffer (pH 6.5). IgG was separated from other globulins by chromatography on diethylaminoethyl cellulose. The fraction eluting immediately from the column with 0.015 M phosphate buffer was collected, dialyzed against 0.05 M tris(hydroxymethyl)aminomethane (Tris), pH 7.4, in saline, and stored at refrigerator temperature. Gamastan (Cutter Laboratories, Berkeley, Calif.) was used for some experiments.
Preparation of 1251-IgG. The reaction mixture (5) contained 2 ml [8 to 12 optical density (OD) units; 5.3 to 8.0 mg] of human IgG, 0.2 ml of 1 M phosphate buffer (pH 7.4), and 1.8 ml of water. The solution was chilled in an ice bath and stirred with a magnetic stirrer. Carrier-free 1251 (Nuclear-Chicago Corp., Des Plaines, Ill.) was added (0.1 ml; 2 mCi), and 0.5 ml of a chloramine T solution (containing 100 ,ug) was injected into the stirred solution. The iodination was allowed to proceed for 15 min and then stopped with 0.5 ml of sodium metabisulfite solution (containing 100 jig). A (Fig. IC) , with a leveling off at higher concentrations. More bentonite-IgG was attached to the cells than would be expected by diffusion, and it was found that the particles were large enough to settle onto the monolayer during the 30-min attachment. Firm attachment to the cells was an active metabolic process that took place much better at 37 C than at 8 to 10 C (Fig. 1D ). Agitation also reduced adsorption (Fig. ID) . Treatment of coated cells with ethylenediaminetetraacetate did not cause release of the particles. The medium in which attachment took place (normally HS-A) was not critical. Good attachment was obtained with Eagle's medium, Eagle's medium plus 10% calf serum, or medium 1066.
Bentonite-IgG that became attached to cells did not elute back into the medium to any great extent (Fig. 2) .
Examination of vertical sections of cells coated with bentonite-IgG showed the particles attached to the surface of the cells in fairly even patterns (Fig. 3) . All of the particles were at or near the cell surface for 1 to 3 hr after attachment, but by 20 hr considerable numbers of particles were seen inside the cells.
Metabolic effects of bentonite-IgG in complexes. The effect of coating cells with bentonite-IgG on normal ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) metabolism was examined by measuring the uptake of 3H-uridine and 3H-thymidine. Measurement of 3H-uridine uptake showed a dose-dependent, transitory stimulation of RNA metabolism. There was a slight depression in DNA synthesis that was dose-dependent (Fig. 4) (Fig. 6) show that the protective effect was relatively short-lasting and was totally absent 4 hr after application of the particles. RI 12; 50% plaque-reduction 'ndicated titer of 0.05 ml) for 30 min at 37 C as usual, challenged with various multiplicities of virus for 1 hr, and washed three times with HS-A. Warm idiluted growth medium was added, and the plates were an half returned to the incubator. Cells were harvested at various times after infection for virus assay by her the scraping into the medium. From the results Le alone (Fig. 7) , it is apparent that the treated cells made or 800 less virus than the controls, but the virus was HS-A produced at normal rates. The effect of the comroom. plex was the same as that obtained by lowering before the multiplicity of infection (MOI drop in MOI was about fivefold for all except the highest multiplicity used. A reasonable explanation of the data would be that about 80% of the cells escaped infection because they were protected by the bentonite-IgG, and the virus did not reach the cell surface to initiate infection. This interpretation is strengthened because the residual virus titer (at 2 hr postinfection) also was lowered in the treated cultures. Figure 8 shows an experiment similar to that described above, except that the cells were all infected with the same amount of virus (MOI = 0.1) but the amount of bentonite-IgG used to treat the cells was varied. A given amount of bentonite-IgG produced an approximately equal drop in virus titer at all points along the growth curve. Dose-response curves for these data at each time could be drawn as a series of parallel lines when both virus titers and milliliters of bentonite-IgG were plotted on logarithmic scales. The effect appeared to be leveling off with the highest dose used (0.8 ml).
All of these data suggest that inactivation of the initial infecting virus is the only mode of action of the bentonite-IgG. The maximal drop in virus titer was 10-to 30-fold over the control, indicating that 90 to 97% of the cells which ordinarily would have become infected were protected by the bentonite-IgG.
Two additional questions were asked in the next experiment. The first was whether cells protected with bentonite-IgG might become infected during a second cycle of virus growth. The second question was whether the bentonite-IgG present in the cells was sufficient to inactivate appreciable amounts of newly formed virus and thus result in an underestimation of the amount of virus produced. The experiment was performed as described for Fig. 8 , except that harvests were taken over a 24-hr period. The results (Fig. 9) suggested that some of the protected cells could become infected during a second cycle. The difference between the control and treated cells diminished with time from 33-fold at 16 hr to 7.2-fold at 24 hr. Treatment with bentonite-IgG also may have resulted in an improved synchrony of infection, because this group showed a more clear-cut second cycle than did the untreated cells. To The purified IgG alone was almost inactive in this same test, indicating that the bentonite-IgG was at least 500 to 1,000 times as effective. The reason for this result appeared to be that free IgG was almost totally removed from the cell monolayers by three rinses with buffer before virus challenge, whereas the attached bentonite-IgG was retained at the cell surface. The results of subsequent experiments are all compatible with the idea that the chief mode of action of the bentonite-IgG is a physical shielding of the coated cells, resulting in neutralization of the invading virus particles as they approach the cell surface. Those coated cells that did become infected produced virus at normal rates, and virus growth curves were not distinguishable from those observed by lowering the multiplicity of infection. By using increasing amounts of bentonite-IgG, it 
